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Traumatic airway perforation during endotracheal intubation is an uncommon but life-threatening
complication in preterm infants. Death usually occurs at the time of the injury, but in rare cases where
the infant survives the initial resuscitation, therapeutic options include conservative versus surgical
management. We describe three cases of airway perforation treated successfully with surgical inter-
vention and without lung resection, utilizing novel graft material and cardiopulmonary bypass to
facilitate repair. In preterm infants who survive the initial injury we advocate for early identiﬁcation and
surgical management with cardiopulmonary bypass when feasible.
 2014 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-SA license.Airway perforation is an under recognized complication of
endotracheal intubation, especially in premature newborns and
contributes to unsuccessful delivery room resuscitation. The inci-
dence of airway perforation is likely higher than published due to
underreporting and the injury not being recognized. Death usually
occurs at the time of injury and the diagnosis of airway rupture is
seldom conﬁrmed. However when suspected, with aggressive non-
surgical management including; chest tube placement for air leak,
positioningwith the affected side down, high frequency ventilation,
the use of extracorporeal membrane oxygenation (ECMO) therapy
in older children and inotrope administration for hemodynamic
instability, some premature infants are able to be stabilized. Once
stabilized, therapeutic options include conservative management
or surgical repair. Historically in published reports non-surgical
conservative management is commonly employed with an 88%
mortality rate [1e8].þ1 303 724 0898.
g, jason.gien@ucdenver.edul
Inc.Open access under CC BY-NC-SA lThere are only 12 reported cases of iatrogenic tracheobronchial
injuries in neonates [1e11]. Injury to the trachea or mainstem
bronchi most commonly occurs secondary to endotracheal tube
(ETT) suctioning or as the ETT is advanced during intubation,
particularly if an ETT stylet is used and extends beyond the distal
end of the tube [1e9]. The sites of airway injury reported include;
proximal trachea, carina, right and left mainstem bronchi and one
report documents the injury at the site of a tracheoesophageal
ﬁstula repair [1e11]. More recent reports have described surgical
interventions, with extensive resection of normal lung parenchyma
and improved survival [1]. Overall reported mortality for iatrogenic
airway perforation remains signiﬁcant at 55% [1e11].
This report describes the successful outcome of three premature
infants with tracheobronchial perforation, managed surgically
without lung resection utilizing; novel graft material, BioGlue
(Cryolife, Kennesaw, GA), CorMatrix (ECM technologies, Roswell,
GA) and azygos vein graft material and intraoperative cardiopul-
monary bypass (CPB) to facilitate repair.
1. Methods
After Institutional Review Board approval, a retrospective chart
review was performed to identify patients with iatrogenic airwayicense.
Table 1
Patient characteristics.
Patient 1 Patient 2 Patient 3
Birthweight 1570 g 1600 g 615 g
Gestational age 28 weeks 32 weeks 27 weeks
Diagnosis Prematurity
Beckwith Weidemann
Prematurity
CDH
Prematurity
Twin gestation IUGR
Mechanism of injury Tube exchanger Intubation in delivery room Intubation or suction injury
Age at injury 60 days (36 wks PCA) Birth (32 wks PCA) 3 days (27 wks PCA)
Diagnosis CT scan intra-operative ﬂexible bronchoscopy Bedside ﬂexible bronchoscopy Bedside ﬂexible bronchoscopy
Site of injury Right lower lobe bronchus Right mainstem bronchus Right mainstem bronchus
This table describes patient characteristics, mechanism and timing of airway injury, diagnostic studies and site of injury.
CDH, congenital diaphragmatic hernia; IUGR, intrauterine growth restriction; PCA, post-conceptional age.
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2009eDecember 2012 3 patients were identiﬁed, however the true
incidence of airway injury at our institution was likely higher, as
during the same period several preterm infants died around the
time of attempted intubation, and airway perforation was sus-
pected as the cause of unsuccessful resuscitation. Data collected on
the three patients who survived initial resuscitation included pa-
tient characteristics (Table 1), surgical management (Table 2) and
post-operative course (Table 3).
2. Results
Three premature infants with iatrogenic airway injury survived
initial resuscitation. In patient 1 conservative management was
initiated and failed due to patient instability. All patients ultimately
underwent surgical intervention and survived to discharge. Results
are presented in Tables 1e3.
In all three patients the ETT was stabilized proximally in the
trachea as the injuries were distal to the carina. In patient 1 initial
attempts at conservative management with high frequency oscil-
latory ventilation (HFOV), positioning, antibiotics and multiple
chest tube (CT) placements, failed to seal the air leak and ongoing
clinical instability prompted surgical treatment. Surgery was per-
formed 10 days post injury, with signiﬁcant instability and marked
anasarca. Patient 2, was initially misdiagnosed with an esophageal
injury from naso-gastric tube placement due to a contained pos-
terior mediastinal air collection. Although stable form a cardio-
pulmonary standpoint, once the airway injury was conﬁrmed,
patient 2 was treated surgically due to the concern for rupture of
the posterior mediastinal air collection, the development of a
broncho-pleural ﬁstula, impairment of gas exchange and exacer-
bation of the underlying pulmonary hypertension. The repair was
facilitated with the use of CPB, allowing for intra-operative bron-
choscopy, stable hemodynamics and gas exchange, adequate time
to complete and reinforce the repair and the advantage of resting
the lung during the repair, preventing exposure of the surgical site
to ventilator induced injury. Patient 3 was stabilized with HFOV, CT
placement and positioning with the affected side down. Urgent
ﬂexible bronchoscopy was performed, followed by surgery once the
diagnosis of airway perforation was conﬁrmed. ConservativeTable 2
Management.
Patient 1
Deﬁnitive Management Initial conservative, then surgical withou
Conservative management HFOV, positioning, CT placement
Mode of ventilation HFOV
Surgical indication Patient instability
Age at repair 70 days (38 wks PCA)
Time from diagnosis to repair 10 days
Weight at repair 3200 g (anasarca)
This table describes the management of the three infants.
CMV, conventional mechanical ventilation; CPB, cardiopulmonary bypass; CT, chest tubemanagement was not attempted due to the aggressive nature of the
air leak, which prevented lung inﬂation on the affected side. This
exacerbated the degree of respiratory support needed with the
contralateral lung exposed to excessive ventilator pressures.
Despite initial stabilization, the size of the air leak resulted in
frequent episodes of tension pneumothorax, with marked clinical
deterioration and instability.
Intra-operative surgical ﬁndings in all three patients conﬁrmed
the preoperative diagnoses of airway perforation. All 3 patients
were placed in the left lateral decubitus position and a lateral
posterior right thoracotomy was performed through the ﬁfth
intercostal space. In patient 1, at the time of surgery severe anasarca
with abdominal ascites and pericardial ﬂuid were present, neces-
sitating a pericardial window and peritoneal dialysis catheter for
drainage. On entering the chest, multiple adhesions were noted
which were released, freeing up the lung. Multiple air leaks were
noted, the largest of which was a large right lower lobe broncho-
pleural ﬁstula. Primary closure of the airleaks and larger broncho-
pleural ﬁstula were achieved using 6-0 PDS suture, subsequently
reinforced with BioGlue. Three 14 French chest tubes were placed
and the chest closed in standard fashion. In patient 2, on entering
the chest, a very large posterior pneumomediastinum reinforced
with parietal pleura and under signiﬁcant tensionwas noted, with a
2  7 mm tear in the membranous portion of the right mainstem
bronchus beginning at the carina. The incision was extended
anteriorly and the pericardium, opened allowing for cannulation of
the ascending aorta with a 8 French Bio-Medicus cannula and the
right atrium with a right angle 12 French cannula. After CPB was
initiated, mechanical ventilation was terminated and the lungs
rested. The mediastinal pleura was opened, and the azygous vein
divided where it exits the back of the superior vena cava. A pleural
ﬂap was preserved on either side of the azygous vein to use to cover
the injury site. On exposing the injury, the bronchoscope was
passed to conﬁrm and verify the proximal extent of the injury. The
size of the injury prevented a primary closure due the concern of
signiﬁcant airway narrowing and CorMatrix was used to patch the
defect, secured with interrupted 7-0 PDS sutures around the length
of the injury. The bronchoscope was then used to verify patency of
the airway, it was easily passed beyond the site of injury into the
distal right lung. Mechanical ventilation was reinitiated and thePatient 2 Patient 3
t CPB Surgical with CPB Surgical without CPB
None None
CMV HFOV
Elective Patient instability
12 days (34 wks PCA) 8 days (28 wks PCA)
2 days 2 days
1800 g 675 g
; HFOV, high frequency oscillatory ventilation; PCA, post-conceptional age.
Table 3
Post-operative course.
Patient 1 Patient 2 Patient 3
Mode of ventilation CMV HFOV HFOV
Chest tube removal POD 6 POD 2 POD 12
Extubation POD 35 (44 wks PCA) POD 26 (37 wks PCA) POD 77 (39 wks PCA)
Tracheostomy Yes e upper airway obstruction (BWS) No No
Associated problems Nissen fundoplication and
gastrostomy tube
Nissen fundoplication and
gastrostomy tube
Pulmonary hypertension
Right mainstem stenosis (50%)
Nissen fundoplication and
gastrostomy tube
Pulmonary hypertension
Respiratory support at discharge Tracheostomy with collar Low ﬂow nasal cannula Low ﬂow nasal cannula
Age at discharge DOL 163 (5 months) DOL 97 (3 months) DOL 148 (5months)
This table describes the post-operative hospital course.
BWS, Beckwith Weidemann Syndrome; CMV, conventional mechanical ventilation; DOL, day of life; HFOV, high frequency oscillatory ventilation; PCA, post-conceptional age;
POD, post-operative day.
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no leaks noted. The lung was once again collapsed, and the azygous
vein pleural patch used to cover the injury site with a continuous 7-
0 PDS suture around the margins. The patient was subsequently
weaned from CPB and decannulated. Two pleural chest tubes were
placed and the pericardium left open to allow decompression into
the right chest. In patient 3, a very large and extensive rent in the
posterior portion of the right mainstem bronchus was identiﬁed
and primary closure with sutures was attempted. The tissue around
the area was very friable and would not hold stitches well, which
necessitated trying to patch the defect using CorMatrix, with Bio-
Glue to support it. Due to patient instability, the rent was reinforced
with surgicel and BioGlue placed on top of that. The leak was
signiﬁcantly reduced but still present and subsequent attempts to
completely close the defect resulted in further tissue damage.
While the surgeon was unable to completely close the defect, the
leak was diminished very signiﬁcantly allowing for lung inﬂation,
signiﬁcant weaning of ventilator support and ultimately healing of
the perforation. Two 10 French chest tubes were placed, and the
chest closed in standard fashion.
Patients 1e3 stabilized post-surgery and CT were removed
when the absence of air leak was conﬁrmed. Patient 2 and 3 suc-
cessfully extubated and were discharged on nasal cannula oxygen.
Tracheostomy was performed in patient 1 to facilitate ventilation
because of macroglossia associated with the diagnosis of Beckwith
Weidemann Syndrome (BWS). Patient 1 and 2 had normal follow
up bronchoscopy, patient 3 initially had a 50% stenosis of the right
mainstem bronchus, and at follow-up bronchoscopy three months
later a normal caliber airway was visualized, likely secondary to
patient growth. All three patients underwent Nissen fundoplication
and gastrostomy tube placement. Patients 2 and 3 developed pul-
monary hypertension requiring therapy with sildenaﬁl. All three
patients survived and continue to be followed as outpatients.
3. Discussion
Traumatic airway perforation is a life-threatening complication
of endotracheal intubation and mechanical ventilation in prema-
ture newborns. This type of injury can occur during endo-tracheal
suctioning with a stiff suction catheter or with intubation, sec-
ondary to the introduction of the ETT or stylet. Premature infants
are more susceptible to this injury because of reduced airway size
and poor tissue integrity. Iatrogenic airway perforation can be
prevented by avoiding use of a stylet to facilitate intubation, careful
advancement of the ETT into the trachea, and using a ﬂexible suc-
tioning catheter which is introduced via the ETT to a predetermined
measured distance to prevent protrusion beyond the tip of the ETT.
Perforation of the large airways causes intractable air leak, a tension
pneumothorax, and difﬁculty with ventilation and oxygenation dueto a bronchopleural ﬁstula. Extubation with spontaneous respira-
tion facilitates spontaneous closure [12,13], but where a prolonged
need for mechanical ventilation exists options to achieve stabili-
zation in adult and pediatric patients, include single lung ventila-
tion utilizing a double lumen ETT or endobronchial blocker or the
use of negative pressure ventilation [12,13]. In neonates, these op-
tions do not exist and techniques for stabilization of large airway
perforation is restricted to chest tube placement, patient posi-
tioning with the affected side down, antibiotics, high frequency
ventilation, advancement of the ETT under direct visualization
beyond the site of injury if possible and CPB.
Due to underreporting and the signiﬁcant mortality at the time
of injury, there are only 12 cases of iatrogenic airway perforation
reported in the literature, with seven of those 11 infants managed
conservatively and an 88% mortality [1e8]. Four infants were
managed surgically with 100% survival. Although surgical man-
agement resulted in a signiﬁcant survival advantage (100% vs 12%),
published reports in neonates describe varying degrees of lung
resection associated with surgical repair [1]. There are no absolute
indications for surgical management, especially in neonates, but
current indications for surgery in adult literature include, unstable
cardiopulmonary status, large tear (greater than 4 cm in an adult),
perforation at or near the carina and persistent need for mechanical
ventilation and positive pressure [12]. In neonates surgical options
previously described include primary closure, use of ﬁbrin glue [10]
and lung resection [1]. In adult and pediatric patients, primary
closure with interrupted suture is most often performed when
feasible [12,13]. Primary closure is always preferable, but when the
defect size is too large to achieve closure without signiﬁcant ten-
sion, the perforation is closed utilizing graft material with peri-
cardial patch (bovine or human) closure most often described [12].
Our results are consistent with prior reports and conﬁrm a sig-
niﬁcant survival advantage with surgical intervention but in
contrast to these reports, demonstrate successful surgical repair
without lung resection, the use of novel graft materials (BioGlue
and CorMatrix) and CPB to facilitate repair. Despite the use of graft
material in our patients, primary closure remains the surgical
treatment of choice, however in patients 2 and 3, the size of the
defects precluded primary closure, making the use of graft material
necessary. CorMatrix is an extracellular matrix made from porcine
small intestinal submucosa. It is composed of structural proteins,
adhesion glycoproteins, glycosaminoglycans, proteoglycans and
matricellular proteins and is most commonly used for pericardial
closure and cardiac tissue repair. During healing, CorMatrix is
remodeled, and no foreign material is left behind. BioGlue is made
up of puriﬁed bovine serum albumin and glutaraldehyde, which
upon application to the repair site, creates a ﬂexible mechanical
seal. BioGlue is most commonly used to achieve hemostasis at su-
ture lines after open surgical repair of large vessels. Furthermore,
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azygous vein pleural patch to cover and reinforce the injury site. At
our institution, airway perforation has been suspected as a cause of
death in several infants after failed resuscitation. The 3 infants
described in this report survived the initial injury allowing for a
decision to be made regarding the optimal management strategy.
Extubation was not feasible in any of the infants due to their un-
derlying illness and degree of parenchymal lung disease. Clinical
instability, the size of the perforation, a persistent need for positive
pressure ventilation, previously published reports and a failure of
conservative management in patient 1, all prompted a more
aggressive surgical approach in our patients. When suspected we
recommend, emergent transfer to a facility with expertise to
perform surgical repair and if extubation is not feasible, we advo-
cate for surgical intervention since conservative management
signiﬁcantly decreases survival.
This report highlights the importance of early recognition of
airway perforation, stabilization if possible, followed by urgent
ﬂexible bronchoscopy and surgical repair. Flexible bronchoscopy is
preferred over rigid bronchoscopy as rigid bronchoscopy in this
setting has the potential to create further instability and extend the
airway injury. Flexible bronchoscopy should be performed at the
bedside through the existing ETT, with patients maintained on their
baseline ventilator settings and fractional inspired oxygen con-
centrations, titrated to maintain saturations in the range 88e92%.
All three cases provide insights into airway perforation in preterm
infants. Patient 1 raises concern about the safety of tube exchangers
in preterm infants. Patient 2 is unique due to the use of intra-
operative CPB to facilitate surgical repair. CPB allowed for the use of
intra-operative bronchoscopy, surgical repair without intra-
operative exposure of the surgical site to the detrimental effects of
positive pressure ventilation, time for surgical planning, adequate
time to complete and reinforce the repair and amore stable surgical
candidate during the repair. In contrast, this was conﬁrmed with
patient 3 where CPB was not an option due to extreme immaturity
and small infant size, resulting in intraoperative cardiopulmonary
instability, the need for escalating degrees of respiratory and he-
modynamic support, frequent surgical interruptions due to the
need for resuscitation and ultimately the ability to only reduce the
air leak but not completely close the injury site.
Using CPB to facilitate airway reconstructionwas proposed in the
mid 1990’s when ECMO was often used as a bridge to airway
reconstruction in infants with complete tracheal rings or congenital
tracheal stenosis [15,16]. In the setting of iatrogenic airway perfora-
tion, CPB should strongly be considered to facilitate repair allowing
for intraoperative bronchoscopy and surgical manipulation of the
airway without inducing hypoxia or hemodynamic instability. These
beneﬁts must be weighed against the potential risks of CPB in pre-
term infants, which include; technical challenges of placing the in-
fant on CPB, intracranial hemorrhage and coagulopathy [17]. Little is
known about the risks of short-term CPB in the operating room to
facilitate repair of the airway, however, if one extrapolates from the
literature on premature infants undergoing repair of congenital heart
lesions, CPB would appear to be low risk even in infants less that
1500 g [14,18e21]. This is the ﬁrst report of CPB use to facilitate
repair of iatrogenic airway injury in both term and preterm infants.
4. Conclusion
Iatrogenic airway perforation is a life-threatening, under-recog-
nized complication of endotracheal intubation in the premature
newborn. Failure to respond to resuscitation in the delivery room, air
in the posterior mediastinal space on Chest X-ray or CAT scan, or
refractory air leak despite adequate CT placement, should alert the
clinician to the possibility of a bronchopleural ﬁstula.Although the limitations of this report are the size of the study
with only three patients described, it does support the available
evidence, that early bronchoscopy to deﬁne the extent of airway
injury and subsequent surgical repair, improves survival in severely
affected infants. Primary closure remains the surgical treatment of
choice, however where surgical closure cannot be achieved without
signiﬁcant tension, use of graft material is indicated. We describe
the successful use of CPB to facilitate airway repair in one infant as
well as options for graft material other than pericardium with the
use of Cormatrix, BioGlue and azygous vein graft material to ach-
ieve successful closure of iatrogenic airway injuries without short-
termmorbidity. As of writing this report all three patients continue
to do well, and long-term follow up will determine the success of
these surgical interventions.
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